Introduction {#s1}
============

Since its first introduction to dentistry in 1993, mineral trioxide aggregate (MTA) has been widely used as the material of choice for some procedures. MTA shows better sealing ability compared to amalgam, IRM or super EBA,^[@R01],[@R02]^ and is therefore used for sealing and repairing root perforations,^[@R03],[@R04]^ and forming apical barrier.^[@R05]^ It is also applied as a root-end filling material.^[@R06]^ Furthermore, some studies have shown less cytotoxicity of MTA compared to amalgam, IRM and super EBA.^[@R07]^ Torabinejad et al^[@R01]^ reported that the compressive strength of MTA is significantly less than that of amalgam, IRM or super EBA after 24 hours. However, they found no significant difference in compressive strength of the three materials after three weeks. Another recent experiment revealed that keeping white MTA in dry conditions decreases its compressive strength.^[@R08]^ In general, the compressive strength of MTA is not affected by condensation pressure.^[@R09]^ Several factors can influence the compressive strength including the type of MTA, the liquid that is mixed with the material, pH of the mixing liquid, and the condition of MTA storage.^[@R10],[@R11]^

Chlorhexidine gluconate (CHX) is an effective antimicrobial agent that acts against gram-positive and gram-negative bacteria, viruses, moulds, and facultative anaerobes and aerobes. Its mechanism of action is explained by damage to the cell wall and causing leakage of intracellular components and eventual death of the microorganisms.^[@R12]^ CHX mouthrinse (0.12%) can prevent the formation of plaque and decrease gingivitis.^[@R13]^ Substituting 0.12 % CHX for water enhances the antimicrobial activity of tooth colored ProRoot MTA for endodontic procedures.^[@R14]-[@R16]^ Alteration in the sealing properties of MTA when mixed with CHX has not been observed.^[@R17]^ MTA/CHX has been reported to be a biocompatible mixture which can be well tolerated.^[@R18]^

However, there are conflicting results on the compressive strength of MTA/CHX mixture. Decreased compressive strength of MTA/CHX compared to MTA mixed with water has been reported previously.^[@R19]^ The purpose of this study was to compare the compressive strength of MTA mixed with distilled water, 0.12% and 0.2% chlorhexidine.

Materials and Methods {#s2}
=====================

In this *in vitro* study, 60 samples of ProRoot MTA (Dentsply Tulsa Dental Specialties, Tulsa, USA) were divided to three groups. In group I, ProRoot MTA (Dentsply Tulsa Dental Specialties, Tulsa, USA) was mixed with a spatula on a glass slab according to the manufacturer's instructions. Samples in group II & III were mixed in the same manner, substituting 0.12% or 0.2% CHX liquid for water, respectively. In each group, 20 samples were condensed with moderate force by using a small plugger into 1.5 × 5 mm dimension tubes.

A glass slide covered one end of the tubes, and wrapped with a damp gauze sponge. Samples were allowed to set for 72 hours at 37°C in 100% humidity.

Then, they were removed from the molds and were placed lengthwise between the plates of Instron testing machine (Model 1125, Instron Corp., Norwood, USA) to determine their compressive strength. The load was applied in the long axis of the specimen. Samples in each group were divided into two subgroups according to the time of testing (at 72 hours, and one week). Samples were compressed at a rate of 1 mm/min, and maximum load required to fracture each specimen was recorded in mega pascals (MPa).

Fractured surface of 4 specimens in each group was then evaluated under Scanning Electron Microscope (Philips PSEM 500 ×, Eindhoven, The Netherlands) to determine their microstructure and morphology.

One-way ANOVA and Tukey test were used to determine any statistical differences in compressive strengths between three groups in each time interval. Also, paired sample *t*-test was used to compare the compressive strength of each subgroup after 72 hours with 1 week. P \< 0.05 was set as statistically significant.

Results {#s3}
=======

[Table 1](#T1){ref-type="table"} shows mean compressive strength of three groups at 72 hours and 1 week.

###### Mean (± SD) compressive strength of the studied groups after 72 hours and 1 week

  ---------- ---------------------------- -------------------------------- -------------------------------- ---------
             Compressive strength (MPa)                                                                     
  Time       Group I (Water)              Group II (0.12% chlorhexidine)   Group III (0.2% chlorhexidine)   P value
  72 hours   12.94 ± 3.26                 15.21 ± 2.18                     14.97 ± 4.16                     0.511
  1 week     25.47 ± 5.14                 42.91 ± 1.02                     23.75 ± 1.19                     0.015
  ---------- ---------------------------- -------------------------------- -------------------------------- ---------

ANOVA test did not reveal significant differences between three groups in terms of their compressive strength after 72 hours. However, a significant difference was found between groups after 1 week.

According to Tukey test, the compressive strength of group II was significantly higher than group I (P = 0.034) and group III (P = 0.021) after one week.

According to the results of paired sample t-test, there was a significant increase in mean compressive strength of all three groups after one week (P \< 0.001).

Results of SEM evaluation revealed that all three groups had roughly the same amorphous microstructure at 72 hours ([Figure 1](#F01){ref-type="fig"}). However, large spherical forms with rounded edges embedded in globular matrix as well as needle-like acicular crystals could be seen in all groups after one week ([Figure 2](#F02){ref-type="fig"}).
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Discussion {#s4}
==========

MTA has numerous applications since its introduction to endodontics. Several studies have reported appropriate sealing ability of MTA.^[@R20],[@R21]^ Also, it has been shown that MTA is well tolerated by pulpal and periradicular tissues.^[@R22]^ Baek et al^[@R23]^ reported less inflammation with MTA than super EBA or amalgam. High biocompatibility of MTA is explained by its high pH.

MTA has been reported to be able to maintain a pH in the range of 11 to 12 for 78 days.^[@R24]^ Main et al^[@R25]^ observed a high rate of success after perforation repair with MTA for at least one year.

It has been shown that mixing MTA powder with chlorhexidine enhances its antimicrobial effects.^[@R15],[@R16],[@R19]^ In a previous study, no difference was found between various concentrations of CHX (0.12%, 0.2%, 2%) on the antimicrobial properties of MTA.^[@R16]^ However; mechanical properties should also be considered when substituting water for chlorhexidine. There is little evidence regarding compressive strength of MTA mixed with CHX.

In this study, MTA powder was combined with two concentrations of chlorhexidine to determine its compressive strength. MTA mixed with distilled water was used as the control in this study. The compressive strength of CHX groups was higher than that of the control group (12.94 MPa) after 72 hours of setting. However, the difference was not statistically significant (P \> 0.05)

According to Torabinejad et al,^[@R01]^ the compressive strength of MTA after 24 hours was 40.0 MPA and increased to 67.3 MPa after 21 days. This difference can be attributed either to differences in methods of testing the compressive strength and/or changes in the composition of the MTA powder since it was first introduced. In the current study, the compressive strength of all three groups increased significantly at 7 days and was approximately doubled compared to that of 72 hours.

On the other hand, the compressive strength of MTA mixed with 0.12% CHX (42.91 MPa) was significantly higher than MTA mixed with 0.2% CHX (23.75 MPa) or control group (25.47 MPa) after 1 week. The compressive strength of MTA mixed with water was 28.4 MPa in the study of Kogan et al,^[@R26]^ which is similar to the results of the present study.

The importance of compressive strength of MTA varies according to its clinical application. When MTA is used for perforation repairs and additional forces are applied to the set material, high compressive strength of the MTA is required. Therefore, the clinician should either use a mixture with a higher compressive strength or place a barrier with a higher compressive strength.^[@R26]^

However, when MTA is used as a root-end filling material, reduced compressive strength is not considered as a major drawback due to minimal forces applied to retro-filling material.^[@R26]^ Considering the high compressive strength of 0.12% CHX / MTA, this mixture can be among the materials of choice for perforation repair or root-end fillings. However, other properties such as setting time and sealing abilities should be examined before its clinical application. Arrudaet al^[@R17]^ found that replacing distilled water with chlorhexidine did not alter the sealing properties of MTABio.

Contrary to our finding, Koganet al^[@R26]^ observed areas of MTA/CHX gel that were not completely set even after 7 days. This may indicate that mixing MTA powder with chlorhexidine liquid is a better alternative than chlorhexidine gel. Also, the difference in size of the specimens and sensitivity of the different testing apparatus may contribute to this discrepancy.

In addition to mechanical properties, biocompatibility of MTA/CHX mixture should also be considered. Should the addition of CHX to MTA compromise its biocompatibility, enhanced compressive strength and antimicrobial properties would be of no value. Sumer et al^[@R18]^ reported that MTA mixed CHX was surrounded by fibrous connective tissue in a rat model, which indicated that it was tolerated by the tissue. However, Hernandez et al^[@R27]^ demonstrated that substitution of 0.12% CHX for sterile water in MTA increased its cytotoxicity *in vitro*. However, the presence of serum *in vivo* may provide some protection against its cytotoxic effects. Faria et al^[@R28]^ proved that 0.25% CHX could cause small foci of tissue necrosis while 0.125% CHX resulted in no necrosis at all; although moderate inflammatory infiltrate was seen in both concentrations.

It seems that further *in vivo* investigations are required before routine use of the mixture of MTA with 0.12% chlorhexidine.

Conclusion {#s5}
==========

When mixing MTA powder, substitution of 0.12% chlorhexidine for water significantly increased its compressive strength at 1 week without significantly changing its crystalline structure. With enhanced antimicrobial activity and less cytotoxicity of the mixture of MTA with 0.12% CHX verified previously, substituting 0.12% CHX for water in preparing ProRoot MTA mixture can be suggested.
